Obesity prevalence rises fastest during young adulthood when weight, diet, and physical activity may be influenced by life events, including becoming a parent, but the impact is uncertain. We searched six electronic databases to July 2019 for longitudinal studies (both sexes) aged 15 to 35 years with a prospective pre-pregnancy/ parenthood and post-delivery outcome. Of 11 studies (across 15 papers), six studies (women only) were eligible for meta-analysis of the difference in change in body mass index (BMI; kg/m 2 ) between remaining without children and becoming a parent.
and these events have been suggested as important opportunities for health promotion as habits may be disrupted by these changes. 7 Pregnancy itself is known to trigger deterioration in health behaviours and weight gain. [8] [9] [10] However, pregnancy is comparatively short term, and few studies examine the long-term effects of becoming a parent on BMI and related health behaviours for men and women (eg, diet and physical activity), [11] [12] [13] while accounting for the background trend in the population. [14] [15] [16] Changes in health and behaviour during pregnancy and immediately post-partum may interact in a "vicious cycle" to increase the chances of subsequent poor behaviour and health. 16, 17 For both men and women, becoming a parent is marked by major changes in social roles which co-occur with physiological (eg, inflammatory function), psychological (eg, stress), and behavioural changes (eg, lack of sleep). [18] [19] [20] While the onset of parenthood is often accompanied by joy, it is tempered with heightened stress and potentially harmful changes in behaviour including poor diet, low physical activity, and sleep deprivation. [20] [21] [22] [23] These major changes mean that becoming a parent can have a long-lasting impact in shaping health trajectories into midlife. 24 For both mothers and fathers, the transition to parenthood has been suggested as a turning point for obesity with weight gains maintained long term. 12, 14 Relatively few studies have examined the impact of parenthood on behaviours beyond sleep, 20, 21 with limited evidence summarizing change in physical activity and diet over the transition to parenthood. 25 Due to population level weight gain in young adulthood, 5 and diet and physical activity being the main behavioural antecedents of obesity, we aimed to systematically review the published longitudinal observational literature to meta-analyse evidence describing how BMI, physical activity, and diet change during young adulthood when becoming a parent compared with remaining without children (for both men and women). We incorporated a broad definition of young adulthood (15 to 35 y) as it represents a critical window for adult health, with marked changes in health and behaviour linked to developing social roles, which may also provide specific opportunities for intervention. 20 
| METHODS
This review was part of a suite of reviews examining the impact of a range of life events (including leaving school, starting work, entering further education, marriage and cohabitation, as well as parenthood) on BMI, diet, and physical activity over young adulthood. We con- was combined with that in the original search for clarity. The search strategy focused on three themes: outcomes (including BMI, physical activity, and diet), study type (including longitudinal and prospective), and transitions (including pregnancy and parenthood). The full list of terms is available in Table S1. The search was undertaken in parallel with a search considering additional young adulthood transitions (eg, entering work/further education and cohabitation), so the search strategy also contains terms relevant to other transitions.
| Inclusion criteria
Inclusion criteria are presented in Table 1 . Inclusion was restricted to published longitudinal data with at least two data collection points within the specified age range (15-35 y) ; at least one measurement was required to be pre-parenthood and to include prospective measurement of an outcome (ie, not only a measurement or recall during pregnancy) and at least one measurement after becoming a parent (Table 1) . Retrospectively reported values were not included (eg, pre-pregnancy values recalled post-partum). Papers reporting measured or self-reported BMI or body weight were included. Any measurement of physical activity or sports participation was included (self-reported or objectively measured) as were any measures of dietary intake or eating behaviour (but not studies reporting only alcohol intake). We refer to parenthood throughout so as to include families having children without pregnancy in the household (eg, surrogacy and adoption). We restricted this review to comparing those having their first child and those remaining childless and did not examine the impact of having subsequent children. The smoking literature suggests that behaviour change is most likely to occur with the first child and, if it does not happen then, is less likely to occur with further children. 26 Data for both men and women were eligible for inclusion. We included adolescents as young as 15 years to capture transitions occurring from mid-adolescence to early-adulthood and limited the age range to 35 years, which has been suggested as the end of young adulthood with regard to weight control. 4 Studies that did not report an outcome over at least two time points were excluded (including some tracking studies or those only reporting a percentage of participants meeting guidelines). All articles published in the English language in a scientific journal, regardless of country of origin, were considered for inclusion. The search covered adiposity broadly but all studies provided, or allowed, an estimate of BMI, so this was presented; no other measures were available in enough studies to warrant inclusion.
Due to the scope and size of the overall review project, five reviewers conducted title/abstract screening. To ensure consistency in the review process, two sets of three reviewers independently reviewed three sets of 500 titles/abstracts. Iterative comparison and discussion allowed for development of a consistent screening approach; screening of all remaining titles/abstracts was then divided equally. Subsequently, two reviewers independently screened all full texts for inclusion and discussed discrepancies to reach consensus.
Reference searching of the articles included identified three additional papers; none of which were included after full text screening.
| Data extraction
One reviewer conducted data extraction with 100% checked for accuracy; discrepancies were resolved by discussion. Data were extracted separately for individuals becoming parents and those who remained childless (if available). Data extracted included baseline date (date at first point of data collection), study name, country, ethnicity, sex, socio-economic status; and number of participants, age, outcome and measurement method, and outcome data at each relevant time point. We also recorded whether analysis of difference in change between those becoming parents and those remaining without children was conducted, including whether covariates were included in the models. Where data for men and women were included, data were extracted for males and females separately. Most of the papers only included women, and if so, data for the whole sample were extracted where possible; data for other subgroups were extracted if an overall measure by sex was not available. [27] [28] [29] Where data from the same study were reported in multiple papers, papers with a non-parent comparison group and also those including data for both men and women were prioritized.
| Assessment of risk of bias

Risk of bias was assessed using an adapted version of the Effective
Public Health Practice Project Quality Assessment Tool, which has been used in other physical activity reviews. 30, 31 It rates participant representativeness, study size, participant drop-out, quality of outcome data, and quality of change analyses. These criteria were assessed by two independent reviewers for all included studies; in case of disagreement, consensus was derived by discussion with a further reviewer. Each item was rated as "strong," "moderate" or "weak"; if a paper provided insufficient information, it scored "weak."
Scores for each item were summed, and quality was defined as "weak" when at least two items were classed as "weak." Papers were classed as "strong" when three out of the five criteria were rated as "strong," and no items were scored as "weak"; other studies were Observational analyses of longitudinal data that were originally collected as part of an intervention/trial but reported as a separate analysis
Intervention studies/trial analyses Reviews Case-control studies Retrospective classed as "moderate." Further details of the instrument and scoring are provided in Table S2 .
| Data preparation
Due to the data available, wherever possible, values from all included studies including weight and height measures were converted to BMI (kg/m 2 ). Minimal data conversion was necessary for meta-analysis; for one study, mean reported weight was converted to BMI using mean height, 28 and for another, as a measure of variation of change was unavailable, this was based on another study with a similar effect size. 32 Data were stratified for individuals who did and did not become first-time parents and change calculated between time points. If multiple time points were available, the data from the widest time interval (but within our exclusion criteria) were included; this decision was due to our focus on the long-term impact of parenthood. Sample size at follow-up(s) was assumed to be that of baseline when time-pointspecific participant numbers were not provided. Where reported, medians, inter-quartile ranges, and variance were converted to mean and standard deviation. 33 
| Statistical analysis
Data for the difference in change in BMI between parents and nonparents were combined in Stata using a random effects meta-analysis (Stata version 15, StataCorp, USA). A fixed-effects model was run for comparison ( Figure S1 ). Given that random effect models can overestimate intervention effect sizes in comparison with fixed-effect models, a comparison of models can reveal the presence of small study effects that may result from publication or other biases. As both fixed (Mantel Haenszel) and random effects (DerSimonian and Laird) models produced comparable results, the analysis is presented using random effects estimates. As all studies included in the meta-analysis were converted to a common metric, non-standardized weighted mean differences were calculated. Variation attributable to heterogeneity was assessed using the I 2 statistic. If heterogeneity (I 2 > 50%) was seen, 34 meta-regression was used to test the impact of potential effect modifiers (mean baseline age, mean baseline BMI, mean follow-up time, ethnicity [non-White vs White], and socio-economic status [high education vs low]). Effect modifiers were selected based on the data extracted and those used in previous reviews. 31, 34 Risk of bias score was not investigated as a potential effect modifier due to limited variability. Age and follow-up time were calculated using mean ages reported (and/or time between measurements where relevant). Variables that were associated (P < .05) in single models were included in a multiple model to explore the variance that could be explained.
Funnel plot asymmetry and Eggers test for bias were conducted for the meta-analyses to investigate potential publication bias. Only one study included data for men 35 (the rest only reported on data for women), so only data for women were included in the meta-analysis.
Furthermore, three studies did not include a comparison group who did not become parents, [36] [37] [38] and there were limited studies including physical activity and diet data; these results are presented narratively.
The results are reported in accordance with relevant guidance (Meta-Analysis of Observational Studies in Epidemiology [MOOSE] 39 and preferred reporting items for systematic reviews and metaanalyses: the PRISMA statement [PRISMA] 40 ).
| RESULTS
This review was part of a suite of reviews examining the impact of a Table S3 . Figure S2 ) and Eggers test for bias suggested no evidence of asymmetry in the meta-analysis (P = .83), indicating no evidence of publication bias.
All four studies that included BMI but were ineligible for metaanalysis [35] [36] [37] [38] presented data for women and showed either an adjusted BMI increase over time (0.32 ± 0.15 kg/m 2 ) 35 
| Diet
The summary data of change in diet for becoming a parent are presented in Table 3 . Results across studies could generally not be combined because of the different assessment methods and diet variables examined. Two studies used self-reported food frequency questionnaires, 29, 42 and one used an interviewer administered diet history questionnaire. 41 Of the three studies including diet, 29, 41, 42 two tested the difference in diet change between becoming a parent and remaining childless 41, 42 and the other did not directly compare change between parents and non-parents. 29 A variety of dietary outcomes were reported from two Australian studies, 29, 42 and one study from the United States. 41 For both men and women, no difference in change in Dietary Guideline Index score (range 0 to 150) was found between parents and non-parents in an Australian cohort (women:
−0.5 ± 43.2; men: −3.43 ± 44.0). 42 The US study found the percentage of energy from fat increased more among non-parents than those becoming parents (−1.59% for parents vs −2.1% for non-parents; P = .001 comparing adjusted means). 41 Energy intake, fruit intake, fast food, and sugar sweetened beverage consumption did not differ Both groups of women significantly increased their fruit intake (+0.159 ± 0.019 g/d for becoming a parent vs +0.125 ± 0.032 g/d for not becoming a parent), neither changed meat consumption (+0.012 ± 0.02 g/d for becoming a parent vs +0.014 ± 0.033 g/day for not becoming a parent), but only women becoming mothers increased their cooked vegetable consumption (+0.126 ± 0.02 g/day vs +0.053 ± 0.033 g/d). 29 Women becoming mothers increased their high fat/sugar score (+0.150 ± 0.021 g/d), whereas the score reduced among women remaining without children (−0.201 ± 0.035 g/d).
| Physical activity
Four papers presented physical activity across the transition to becoming a parent, with the results summarized in Table 3 . 28, [43] [44] [45] All four studies included self-reported physical activity data, and all compared physical activity between adults becoming parents and those remaining without children, two studies included men. 44, 45 Physical activity data were self-reported as the number of hours of physical activity per week over the last year, 44 a physical activity score, 28 the odds of being inactive for mothers versus non-mothers, 43 and hours/week of MVPA. 45 Among Australian women, mothers had higher odds than non-mothers of being inactive at follow-up (OR = 2.2; 95% confidence interval [CI], 1.9-2.5). 43 In a cohort of American 
| Relationship to prior knowledge
Our results indicate that BMI increases by 2.8 ± 1.3 kg/m 2 (~7.5 kg or 17 lbs for an average height woman of 164 cm or 5′4″) among women during young adulthood with an additional 0.47 ± 0.26 kg/ m 2 (~1.3 kg or~3 lbs for an average height woman) increase when becoming a mother. This supports evidence suggesting that in contemporary populations, young adulthood is an important contributor to long-term BMI gain, 5 particularly among women. 6 When this increase is put in the context of the health risks of increased BMI, 47 with data suggesting that a 5-point BMI increase is associated with a 23% is also slightly smaller than estimates of weight gain with parity in Australian women, stating that women with one baby gained 4 kg more than single childless women over 10 years. 48 Previous reviews of physical activity and parenthood have compared activity levels between parents and non-parents rather than examining change over the transition of becoming a parent. 13, 25 Both previous reviews concluded that parents were less active than non-parents 25 and more specifically that fathers of young children spent less time in MVPA, but not sport, than childless men. 13 Reviews examining diet during early adulthood have shown mixed longitudinal patterns, which differed by dietary outcome, 49 with sugar consumption decreasing between late adolescence and early adulthood. 50 However, these previous dietary reviews did not examine change in diet across life events. 49, 50 We focused on life events during young adulthood as it is a critical window for adult health, where life events may amplify changes in health and behaviour linked to developing social roles. 20 Many life events occur in young adulthood, such as leaving school, starting higher education or work, and cohabitation and/or marriage, but it is uncertain which may have the greatest impact on health and behaviour. Parenthood was shown to have a larger effect on weight gain than partnership status among Australian women, 48 and physical activity has been shown to differ by parental status but not marriage status. 44 It is also possible that cohabitation and parental status may interact, with non-resident fathers experiencing different patterns of changes compared with those living with their children. 12 A metaanalysis of weight gain during the first year of University, traditionally termed the "Freshman 15" suggests that on average, students gain 3.38 kg (95% CI, 2.85-3.92) over 5 months in the first year of University. 51 In this review, the mean time of all included studies' follow-up was 4.3 ± 3.0 years (mean 5.6 ± 3.1 y for studies included in metaanalysis). Therefore, it appears that the BMI increase on entering higher education may be steeper than that of parenthood, but there appears to be little evidence on whether student weight gain is sustained longer term.
The inconclusive results for dietary change may be at least partly due to parental status influencing the same behaviour in different ways, for example, take away consumption may increase for some parents due to time constraints or reduce for others for economic reasons. 42 Half of the included studies showed that women becoming a mother experienced a larger decline in physical activity when compared with non-parents; this could be explained by limited opportunities for activity for mothers who often have the largest proportion of caring responsibilities. 52 Parents report less moderate-to-vigorous activity than non-parents, 25, 53 perhaps partly due to time constraints limiting organized activities (eg, going to the gym or sports). However, parents may do more light incidental intensity activity than nonparents, 23 which may be harder to capture by self-report. 54 Due to data availability, we are unable to examine the differences between change in varying intensities of activity between parents and nonparents. The one study examining physical activity separately by sex showed that men had a larger decline than women; this may be contributed to by men having a higher level of activity at baseline and potential regression to the mean. 44 However, it is possible that parenthood may impact mothers and fathers differently, perhaps because mothers are often primarily responsible for their children's physical activity. 55
| Interpretation
Although heterogeneity was high and results should be interpreted with caution, a similar pattern of results was seen across studies. We investigated potential causes of heterogeneity using meta-regression, but no factors were significant.
Young adulthood was defined as 15 to 35 years old due to our focus on population level life events. For clarity, we did not examine the impact of having subsequent children as previous evidence states that a much larger change in behaviour and health may occur when first becoming a parent compared to having subsequent children. 20 We excluded outcome data assessed during pregnancy as we were interested in examining differences pre-and post-parenthood, and behaviour may already have changed within the first trimester of pregnancy.
Some of the included data were from the 1980s and 1990s, 28, 38, 56 and it is possible that the social context of parenting may have changed since. Many countries may now have improved parental leave from work laws; however, in the United States, where 67% of included studies are from, there is still no mandatory paid parental leave. 20 The mean follow-up duration of all studies included was 4.8 years and we do not know when the children were born during that period. We therefore cannot conclude anything about the trajectory of BMI gain, for example, the additional parental BMI gain may happen gradually, only during pregnancy or directly afterwards.
Not enough data on men, diet, or physical activity were available to make conclusive suggestions, and studying population-level estimates may mask individual variations in patterns of change and the potential influence of other life events. It is also possible that the timing of life events and their interactions may be important. For example, the effect of parenthood may differ across diverse family structures. Further work exploring the nuances of health and health behaviours over early adulthood may help unravel some of these uncertainties.
| Strengths and limitations
To our knowledge, this is the first study to meta-analyse change in BMI in young adulthood to compare change for those who become mothers versus those who do not. A strength of this work is that sufficient homogenous data were present for BMI to perform a meta-analysis; however, this was not the case for diet and physical activity. We acknowledge slight deviations from our published protocol as we are focusing on one life event (parenthood); information about other life events will be published separately. We did not conduct duplicate abstract screening, which is a limitation, although 3000 articles (in two sets of 1500) were triple screened to ensure consistency among the three reviewers. Further, although data extraction was 100% checked, it was not extracted in duplicate. We did not approach authors for additional information as we did not want to bias this review in the event of differential author response. 57 Despite a large number of papers identified in our original search, relatively few studies were included in the synthesis, which suggests a paucity of data including measures of anthropometry, physical activity, or diet before and after parenthood. This search for this review was for a suite of reviews examining the impact of a range of life events; the words pregnancy and parenthood were not included as search terms.
However, as no further papers were included after manual searches of reference lists of included papers, we are confident that our search was adequate. The review aimed to characterise differences in change for individuals becoming parents versus those remaining childless; therefore, we did not use all time points separately; where possible, the first baseline time point and the latest post-pregnancy measure within the included age range were included. The included studies were all published in English and all from North America, Australia, and Europe, so these results are not likely to be generalizable to other parts of the world. However, there was substantial diversity with regard to ethnicity with 54% of the participants included in the BMI meta-analysis of White ethnicity. We only included peer-reviewed publications, which may be susceptible to publication bias; however, a funnel plot did not indicate evidence of asymmetry. We chose not to include sedentary behaviour in this review for several reasons.
Firstly, we wanted to focus on diet and physical activity as the main behavioural antecedents of obesity acknowledging that sedentary behaviour may primarily impact weight through diet (eg, increased snacking) or by displacing physical activity. 58 Further, the association between objectively measured sedentary time and weight gain is relatively limited, 59 with screen behaviours often used as proxies for sedentary time. As the screen use landscape is rapidly changing, historical data on screen use may have limited relevance to contemporary sedentary behaviour and screen time.
| Implications for policy, practice, and research
BMI increases for women over young adulthood, with a significantly greater, but small, increase among those becoming a mother. Parenthood is potentially a "teachable moment" as new parents could be particularly willing to change their behaviour as it may also positively influence their children, rather than solely improve their own health. 60 Parental modelling can be an important predictor of child behaviour, 61 and recent evidence indicates that active mothers have more active 4and 6-year-old children. 52 Therefore aiming interventions to increase parents' activity levels may also be an additional route to increasing child activity levels. Examining messages given to new parents by health practitioners would be helpful as qualitative work has suggested widespread confusion among new mothers regarding acceptable pregnancy-related weight gain 62 ; it is also likely that this confusion may extend to diet and physical activity. 
| CONCLUSION
Published longitudinal data indicate that a small but significantly greater weight gain occurs when becoming a mother, in addition to an alarming BMI gain for young adult women without children. These results highlight the need for obesity prevention among young women at a population level and also confirm the importance of motherhood as a potential additional intervention target. Limited data rendered results for physical activity and diet equivocal, although moderateto-vigorous physical activity may decline more among those becoming parents. More high-quality longitudinal behavioural data among young adults becoming parents would be valuable, especially among men and on associated behaviours (eg, diet and physical activity) to better inform how to reduce BMI gain over young adulthood.
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